ABSTRACT Objective. Traditional outcome measures in randomized controlled trials (RCT) include well-established response criteria as well as ACR EULAR responses using Disease Activity Score 44 (DAS44)/DAS28 to assess improvement; however, a measure to assess worsening of disease has yet to be developed. This special interest group (SIG) was established to develop an evidence-based, consensus-driven standard definition of "flare" in rheumatoid arthritis (RA). Methods. At OMERACT 8, the need for a standardized definition of RA flare was recognized; interested individuals developed a proposal to form a SIG. A literature review was performed to identify publications and abstracts with flare definitions applied in RA, JIA, and lupus RCT as well as concerning patient perspectives on disease worsening. A SIG was held at OMERACT 9 with breakout sessions for patients and investigators.
This special interest group (SIG) was established to develop an evidence-based, consensus-driven standard definition of "flare" in rheumatoid arthritis (RA) to describe clinically-relevant worsening in randomized controlled trials (RCT), incorporating the patient's perspective. Such a definition is needed to improve the ability to capture loss of efficacy as a part of the assessment of safety and effectiveness in RCT, longitudinal observational studies (LOS), and postmarketing studies.
Outcome measures used in most RA RCT were developed to confirm the efficacy of a therapy reported as the proportion of patients achieving a designated level of relative improvement from baseline in core set variables [e.g., American College of Rheumatology (ACR) responses], or as improvement from baseline and a lower disease activity state in absolute terms [European League Against Rheumatism (EULAR) responses using Disease Activity Score (DAS44)/DAS28)]. These endpoints have been well validated but only for sensitivity to change in the positive (improvement) direction. Neither provides information concerning the proportion of patients who have worsened at any timepoint, or in whom initial improvement of RA is followed by worsening.
At OMERACT 8, the Drug Safety Working Group, as part of its research agenda, determined that a standardized definition of RA flare was needed for the Rheumatology Common Toxicity Criteria (RCTC) effort 1 . This need was recognized from a regulatory perspective, to more clearly and quantitatively characterize reasons for study withdrawal based on loss or lack of efficacy in RCT. In current trials, various definitions have described flares or worsening of disease, such as withdrawals due to lack of efficacy, often driven by patient's perceptions, but in the absence of standard criteria for "inadequate" or "loss of response." These are, at best, inexact measurements, and the decision to report flare as an adverse event or to withdraw a patient from the trial may be influenced by other variables. Defining disease worsening or flare in RA is likely represented by composite changes in multiple variables rather than worsening in only a single characteristic (e.g., painful or swollen joints). Such a rigorous definition for "RA flare" is of interest in comparator RCT (e.g., those sponsored by US National Institutes of Health) as well as LOS.
During discussions it became apparent that there are multiple settings in which a standardized definition of RA flare may be useful -to evaluate not only efficacy but also safety. As therapeutic choices for RA are increasing, benefit-to-risk profiles are now examined in both monotherapy and combination use. Outcomes such as sustained (drugfree) remission could utilize a definition of flare to facilitate induction/withdrawal trial designs, as utilized in juvenile idiopathic arthritis (JIA). Time to flare and number of flares have been used for regulatory approval of several products 2, 3 . A formal definition could facilitate measurement of variability of disease activity over time to better understand "regression to the mean" in LOS, and impact of single joint worsening related to systemic flare 4 . Further, while minimally clinically important differences (MCID) and patient acceptable symptom states have been established for improvements in RA, 5, 6 "minimally detectable," "clinically significant," and "patient-acceptable" differences for worsening or flare have not been rigorously evaluated and established 7 . The purpose of this SIG at OMERACT 9 was to initiate a process to identify domains and develop a consensusbased definition for RA disease flare that could be used for multiple purposes.
MATERIALS AND METHODS
A group of interested individuals, including 2 Fellows, one each from the European Union and United States, assembled following OMERACT 8 to begin discussions regarding approaches to define RA flare. Through a series of approximately bimonthly teleconferences and informal meetings, a preliminary framework was developed to establish and conduct a SIG at OMERACT 9.
Literature review. A comprehensive literature review was performed to identify flare definitions applied in RCT in various rheumatic diseases using Medline/PubMed for English and German publications, with no date limitations. Additional publications were identified from references within these publications, ACR and EULAR meeting abstracts, and other sources from individual investigators. Search terms included: flare, worsening, RA, JIA, systemic lupus erythematosus (SLE), MCID, disease activity, and patient perspectives. Methods sections from RCT in RA, JIA, SLE were also evaluated for flare definitions. Seventeen articles in RA were identified that contained data relevant to a flare definition; outcomes used to measure worsening of disease activity or flare were extracted [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] 36, 37 . A summary was provided to participants for review before OMERACT 9.
RESULTS
Flare in JIA and SLE. The definition for improvement in JIA [ACR Pediatric 30 criteria (Pedi30)] requires ≥ 30% improvement from baseline in ≥ 3 of 6 variables with worsening of ≥ 30% in no more than one 23 of physician global assessment, patient/parent global assessment of disease activity, active joint counts, joints with decreased range of motion, function using the Childhood Health Assessment Questionnaire (CHAQ), and acute phase reactants. In the pivotal RCT for etanercept in polyarticular JIA, a withdrawal-flare study design used disease flare as an endpoint 3 . All children initially received etanercept for 3 months, those with Pedi30 responses were randomized to blinded withdrawal (placebo) or etanercept continuation for 4 months or until flare occurred. Flare was defined as a worsening of ≥ 30% in 3 of 6 Pedi30 variables, and improvement of ≥ 30% in no more than one variable. The primary endpoint was the proportion of patients with flare in etanercept versus placebo groups from beginning to end of the double-blind withdrawal period. Similar definitions of flare have been used in registration studies of adalimumab 24 and abatacept 25 for JIA.
Using data from the etanercept RCT, a sensitivity analysis of various definitions of disease flare in JIA was conducted 2. Candidate definitions included 20% to 50% changes in 2 to 4 core variables. The 3 best performing definitions for detecting flare were: (a) worsening in 2 of 6 variables by ≥ 40% without improvement in > 1 variable by ≥ 30%; (b) worsening in 3 variables by ≥ 30%; (c) any worsening in CHAQ; worsening in erythrocyte sedimentation rate ≥ 30%, and in active joint count ≥ 10%.
Several definitions of flare have been used in SLE RCT 26 , including "major flares" defined as new or increased use of high dose corticosteroids and/or immunosuppressives, and hospitalizations or death due to SLE disease activity 27 . The British Isles Lupus Assessment Group disease activity index incorporates both definitions and gradations of flare within the instrument itself 26 . The recently reported "SELENA flare index" incorporates thresholds for change in SLEDAI, new symptoms in different organ systems, medication changes, hospitalization, and increases in physician global assessment 27, 28 . A recent Delphi process to define flare in SLE has been concluded with validation planned in upcoming RCT. Flare in rheumatoid arthritis. Several RCT in RA have recorded flare as an outcome. Definitions were quite variable, ranging from physician reported worsening to specific levels of change in core set variables. In 2 recent studies of infliximab, a definition for flare used components of the ACR response criteria. In the Infliximab RA Methotrexate Tapering trial 10 and the Safety Trial for Rheumatoid Arthritis with Remicade Therapy (START) trials of infliximab 11 , RA flare was defined as ≥ 50% worsening in combined tender and swollen joint counts compared to either baseline or prior visit. An "inversed EULAR" response to define flare was used in 2 small trials and defined as an increase in DAS28 > 1.2 or an increase in DAS28 > 0.6 and a current DAS28 > 5.1 14 . Other studies have used flare definitions based on an "intention-to-treat" reported as a physician's decision to change therapy (e.g., increased methotrexate dose, increase, or initiation of steroids, intraarticular steroids) based on increased signs and symptoms 9 . A number of trials have reported flares in various contexts, with differing definitions. A comprehensive analysis of "loss of response" in patients in a clinical practice registry in the US (CORRONA) provided insight regarding potential candidate domains 29 . Domains and variables that have been incorporated into published RA flare definitions [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] 36, 37 are summarized in Table 1 . A more detailed literature review of this topic is in preparation.
Patient reported worsening of disease. Patient perspectives are critical in developing minimally detectable, clinically meaningful, and patient-acceptable definitions of response; therefore, patients formally participate in the OMERACT process [30] [31] [32] . The patient perspective group recently demonstrated the importance of fatigue as a domain in RA, which led to an OMERACT consensus that fatigue assessment should be included in RCT 32, 33 . Although some work has been done to examine patient-determined thresholds for improvement, there has been little research to understand patient perspectives on disease worsening or flare. A study that evaluated patient satisfaction and its relation to physician assessment of RA disease activity showed that patients detected worsening with lesser decrements of change than for improvement 7 . These results imply that a definition for "worsening" or flare from the patient perspective may represent far less of a change than the change used to define response criteria for improvement in some RCT. Similarly, in a recent SLE RCT, MCID for improvement in SF-36 scores were in the range previously reported for OA and RA; however, MCID for clinically important worsening defined a lesser degree of deterioration than change for improvement 34 . OMERACT 9 results. The OMERACT 9 SIG was attended by about 120 participants including 11 patients. After introducing the meeting's aims, patients convened in a separate breakout group to limit the influence of the discussion by clinical research investigators on their deliberations. Traditional signs of inflammation such as joint swelling or stiffness were reported, but there were many reports of night and day sweats associated with a developing flare, and one patient reported irritated, red eyes (with blurred vision). Fatigue, loss of function and stamina were reported by many patients. These symptoms were seen as key components, with concomitant reduction in mobility, including difficulty waking up and getting out of bed. Global symptoms of flare included a general feeling of being ill, pallor, weight loss, flu-like symptoms, tremor, weakness, and sensitivity to noise and light. Mood changes were reported, including irritability, intolerance, tearfulness, anxiety, feeling down, with a desire to withdraw from social situations ("no-people days"). Sleep disturbance by pain or for no discernible reasons, with reduced sleep quality and quantity and a need to sleep during the day were also reported. Cognitive disruptions such as an inability to concentrate, find words, make decisions, and process thoughts were also reported. Patients reported that family members sometimes noticed various signs of an impending flare, even before the patient was aware of them. From the perspectives of these patients pain was considered as an essential component of "flare." Joint swelling and stiffness, however, were not deemed essential although they might contribute to a flare. Patients appear to experience a flare as a cluster of symptoms, which vary between patients and within an individual on different occasions. Early signs of flare, such as fatigue and/or night/daytime sweats, may suggest a prodrome. Early symptoms are addressed by patients using self-management strategies such as medication increase, and pacing and planning activities. In distinguishing between expected fluctuations in disease pattern versus a flare, patients take multiple issues into account: lack of obvious cause of the onset of symptoms, symptom intensity and persistence, response to self-management, frequency of symptom clusters, and loss of good days between episodes. The patient group suggested that a flare occurs when a cluster of symptoms are intense, persist, and cannot be managed by usual self-management strategies, thus leading to a decision to seek help. This might be as early as 2 or as long as 7 days, but intensity and non-response to self-management are more important than symptom duration.
These experienced patients suggested that the duration that a patient had lived with disease influenced their perception of a flare as they could better place worsening within the context of disease variability. For example, in early disease, a single joint worsening may be considered a flare whereas in later disease this may be understood as disease fluctuation. Patients reflected that experience came with longer disease duration, which meant that they became more likely to use self-management strategies before deciding a period of worsening was a flare. Because of the possibility of improvement using self-management strategies, patients indicated that both persistence and intensity of symptoms were critical components. Investigator breakout groups. An important finding from the investigator groups was that to discuss "flare," a working "definition" of the term was required. Some participants raised concern that the term "flare" was not necessarily translatable or used in all languages. Each breakout group recognized that persistence of symptoms was an important and necessary component to classify disease worsening as a flare. There was also significant discussion in some groups as to whether a flare of disease represented a change from a prior point in time, or in addition, a certain level of disease activity was required (e.g., a state).
In terms of specific domains and variables, each group indicated that joint counts (swelling and tenderness) were critical to include in an overall definition. Other core set components, including patient and physician reported global assessments of disease activity and patient reported pain, and acute phase reactants were also recognized as important. Among these patient global assessment was ranked highly. All groups included fatigue as an important domain to capture in a flare definition. There was some discussion about, but variable acceptance of, use of negative changes in composite measures such as ACR, EULAR, Clinical Disease Activity Index, Simplified Disease Activity Index, and Routine Assessment of Patient Index Data (RAPID) responses as well as inclusion of imaging such as magnetic resonance imaging and ultrasound. In some groups the need for the addition or increase in medications was considered important to capture. Others encouraged inclusion of an instrument to measure patient and physician-reported flare as a domain. Reports and voting. Summaries of patient and investigator groups were presented to the reassembled audience, followed by voting. A clear consensus of 95% was obtained asserting that there was a need to study and develop a formal definition for RA flare or worsening of disease, and agreement that there were multiple contexts in which such a definition could be useful. There was consensus for use in RCT (85%) as well as for LOS (89%); a majority agreed as to its use in clinical practice (69%). Despite the origination of this SIG to develop a definition for flare to facilitate adverse-event reporting, less than 50% of the SIG participants thought this was needed. However, in the context of adverse-event capture, the majority of participants agreed that a grading system for flare, as used in SLE, would be helpful. After discussion, it was also agreed that the first area in which a flare definition should be established would be for RCT, with followup or parallel work in the context of an adverse or undesirable event.
Final plenary presentation. In the final OMERACT 9 plenary session several questions were posed for voting. As in the breakout groups, there was some disagreement whether flare represented a change from an earlier state or an absolute disease activity state. Consensus was obtained that a working definition of flare should indicate a worsening of disease activity (88%); only 49% felt that flare represented an absolute disease state and 20% "did not know." There was consensus that a working definition of RA flare should include persistence and duration as critical elements (77%), and should include change or increase in therapy in the definition (74%).
To facilitate the research agenda, a working definition of RA flare was developed based on these votes and presented: A flare occurs with any worsening of disease activity that would, if persistent, in most cases lead to initiation or change of therapy; and a flare represents a cluster of symptoms of sufficient duration and intensity to require initiation, change or increase in therapy.
DISCUSSION
It was agreed that a standardized data-driven, consensus-based definition for RA flare was needed for use in multiple clinical research contexts. Methods used to develop definitions in other diseases, including JIA and SLE, are informative. In contrast to the methodology used in other diseases, participation of patients at OMERACT 9 introduced important new perspectives to our overall understanding of flare.
First, patients provided useful insight, causing investigator groups to acknowledge that the term "flare" was not a universally understood concept and that patients sometimes successfully self-manage some forms of "worsening" disease. Thus any working definition of flare may need to include disease worsening of a duration and severity that cannot be self-managed. In contrast to investigators, who sought concrete and standardized domains for a definition, patients engage in significant self-management strategies, including pacing and/or changing self-medication, and thus exclusion of these strategies from RCT or LOS may lead to confusion of results. If patients engage in some self-management activities in an RCT (e.g., self-adjusting steroid or NSAID dose) they may be withdrawn for protocol deviation or, alternatively, patients may not report these activities to physicians or investigators. Further research is needed to assess the implications of these findings and to establish ways to consistently capture these data as they are likely to influence interpretation of treatment failure criteria.
Second, the patient group raised issues about the characteristics of flare that need in-depth and systematic exploration using rigorous qualitative research methods. Informal discussions suggest that patients may detect early signs of a flare (fatigue, irritability, sweats) and that they use clusters of unremitting and unmanageable symptoms to define their flares. While patients indicated that pain was always present during a flare, they did not necessarily include synovitis. This is in contrast to features defined in investigator breakout groups, where synovitis was deemed essential and possibly the only requirement. It is possible that patients and physicians are simply prioritizing different signs of inflammation (e.g., pain versus synovitis), or describing different events. Therefore, the potential for controversy needs to be recognized and managed to assure consensus is ultimately achieved and face validity is obtained.
One issue arose that was of particular importance. While there was disagreement between patients and investigators on some domains, fatigue was recognized by all as a critical within a flare definition. However, tools to more accurately capture all features of this important domain need to be validated. They must be able to reflect systemic manifestations of RA, as this has been recognized as an important element for detecting improvement in disease. A research agenda is provided to better address these areas of disparity, in order to gain consensus.
As domains are identified to be included within an RA flare core set, it will be important to also link the domains typical and relevant for flares identified by different perspectives (literature, patients, and experts) to the International Classification of Functioning Disability and Health (ICF), a universal model and classification to describe human functioning. The ICF Core set for RA 35 can also be examined to determine if other areas that have not been discussed may be relevant to evaluate within the RA flare definition.
There are some limitations of the findings from this first OMERACT SIG on "RA flare." First, the group of individuals assembled may have required more time and context in preparation for the SIG, and may have benefited from further discussions, in order to provide fully informed and deliberate input regarding their opinions and voting. In the context of the limited time for presentations there was a possibility that important areas may not have been thoroughly captured and presented. While information from patients was extremely important, it should be recognized that this group of patients may not be fully representative of patients with RA in general, especially concerning: disease duration, range of disease severity, and experience in communicating in focus groups. These issues will be addressed through a Delphi process that will be informed by results of patient focus group protocols and data mining of Phase III RCT data. Research agenda. An initial research agenda has been developed based on discussions at OMERACT 9 that will evaluate various aspects of a flare definition, initially concentrating on RA RCT: (1) To understand the patient's perspective of flare in order to evaluate additional domains that may be required for inclusion through qualitative research in larger groups of multinational (USA, Canada, EU, Australia) RA patients representing the spectrum of disease duration and severity and other important ethno-demographic and cultural variables. Recognizing the increasing participation of RCT subjects from other areas, further expansion to Asia and Latin America will be desirable. (2) To explicitly characterize fatigue measures that may sensitively detect the onset of flare. (3) To examine the performance of suggested flare core set domains and measurements to detect clinically relevant worsening of disease in available RCT and LOS datasets. Receiver-operator curve characteristics of definitions in relation to other clinical variables will be evaluated. (4) To develop consensus on core domains for a definition of RA flare for use in RCT through a structured Delphi process with SIG participants and experienced clinical trialists.
In conclusion, development of a standardized definition of "RA flare" is needed for several settings including RCT, LOS, and clinical care, and may be different in different scenarios. In this SIG, we characterized a working definition of RA flare that captures worsening of disease over time, that is of a significant level to necessitate an intervention, and that recognizes a clustering of symptoms and signs dependent on both patient and investigator perspectives. The next required steps in developing an RA flare core set will depend on additional input from patients as well as exploration and validation of candidate definitions in appropriate RCT data sets.
